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A review of 15 patients who tested positive for human 
herpesvirus 6 (HHV-6) on the FilmArray Meningitis/
Encephalitis panel revealed that the majority were unlikely 
to have HHV-6 encephalitis. Criteria to assist interpretation 
of HHV-6 positive results are presented.
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The first multiplex polymerase chain reaction (PCR) panel 
for acute meningitis/encephalitis, the FilmArray Meningitis/
Encephalitis (ME) panel (Biofire), received Food and Drug 
Administration clearance for in vitro diagnostic use in October 
2015, and many medical centers are now relying on the ME 
panel for the diagnosis of central nervous system infections. 
This assay can directly detect 6 bacteria, 7 viruses, and 1 yeast 
in cerebrospinal fluid (CSF) samples in about 1 hour, enabling 
the rapid provision of appropriate therapy and patient manage-
ment. Since implementation of the ME panel at our institution, 
human herpesvirus 6 (HHV-6) has been the most frequent pos-
itive target to date. However, establishing HHV-6 as the cause 
of encephalitis in a given patient can be challenging, because 
PCR positivity alone does not necessarily imply causality. Viral 
nucleic acids can also be detected in other host-virus states, 
such as latency, asymptomatic viral reactivation, and chromo-
somal integration, the latter phenomenon occurring in about 
1% of the population [1, 2]. In addition, HHV-6 encephalitis 
has been well described among hematopoietic stem cell trans-
plant (HSCT) recipients [3, 4] but is rare outside this setting. 
We therefore reviewed all HHV-6–positive cases since imple-
mentation of the ME panel to evaluate the clinical significance 
of this finding.

METHODS

The study included patients who tested positive for HHV-6 on 
the ME panel at Columbia University Medical Center from 15 
August 2016 to 15 July 2017. Their electronic medical records 
were reviewed to collect demographic, clinical, laboratory, and 
radiographic information. Pertinent laboratory information 
included CSF lymphocytic pleocytosis (defined as a lympho-
cyte count >5/μL), HHV-6 viral load, and HHV-6 chromosomal 
integration. Viral load testing was performed with quantitative 
PCR of plasma samples, and chromosomal integration testing 
with droplet digital PCR of whole-blood samples.

The medical records were reviewed by 3 physicians, includ-
ing a clinical microbiologist (D. A. G.), a transplant infectious 
diseases specialist (M. P.), and a neurologist specializing in 
neuroinfectious diseases (K. T.). To determine the clinical sig-
nificance of the cases, each reviewer performed an independ-
ent probability assessment, assigning cases to 1 of 3 categories: 
likely (>90% probability), possible (10%–90% probability), 
or unlikely (<10% probability). The reviewers then discussed 
their clinical interpretations together to arrive at a consensus 
probability assessment for each case. Data files from the pos-
itive FilmArray panels were analyzed by Biofire and catego-
rized as low positive for crossing point values ≥26 or moderate 
or high positive for crossing point values <26. These data was 
not available at the time of patient care or the consensus prob-
ability assessment. The study was approved by the Columbia 
University Institutional Review Board

RESULTS

From 6 August 2016 to 15 July 2017, a total of 793 unique 
patients underwent testing with the ME panel, of whom 60 
(7.6%) tested positive for ≥1 target. Of the 60 patients with pos-
itive results, 15 tested positive for HHV-6; HHV-6 was therefore 
detected in 25% of positive cases and 1.9% of all patients tested.

Data for HHV-6–positive patients are presented in Table 1. 
Ages ranged from 27 days to 89 years; 12 patients were adults, 
and 3 were infants <1 year of age. Five of 15 patients were immu-
nosuppressed, including 1 HSCT recipient. Seizures and altered 
mental status were the most common presenting symptoms (7 
patients each), followed by fever (3 patients) and headache (2 
patients). The CSF samples demonstrated lymphocytic pleocy-
tosis in 3 patients. HHV-6 plasma viral load testing was per-
formed in 11 patients, and HHV-6 DNA was detected in 7 of the 
11. Chromosomally integrated HHV-6 (ciHHV-6) was tested 
for in 3 patients and confirmed in all 3. Cranial imaging was 
performed in 13 patients, showing medial temporal lobe hyper-
intensity on the fluid-attenuated inversion recovery (FLAIR) 
sequence in 2.  A  formal infectious diseases consultation was 
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obtained for 8 patients, and 6 patients received antiviral therapy 
(foscarnet and ganciclovir in 3 each). After consensus discus-
sion, only 1 patient was deemed likely to have HHV-6 enceph-
alitis, which was considered unlikely in 12 patients. HHV-6 was 
thought to be a possible contributing factor for the clinical pres-
entation in 2 additional patients.

DISCUSSION

Our review revealed that the majority of HHV-6–positive results 
on the FilmArray ME panel at our institution were unlikely to 
be consistent with HHV-6 encephalitis. The single case of likely 
HHV-6 encephalitis was distinguished by 3 main factors. First, 
the patient was an HSCT recipient and had received her trans-
plant 3 weeks before symptom onset; HHV-6 encephalitis is well 
described in this patient population 2–6 weeks after transplant 
[3, 4]. Second, magnetic resonance imaging hyperintensities 
within the limbic system were consistent with the well-char-
acterized description of HHV-6 causing limbic encephalitis 
[5, 6]. Third, the patient demonstrated substantial clinical and 
laboratory improvement shortly after the initiation of antiviral 
therapy.

In contrast, the 12 patients in the “unlikely” category all had 
credible evidence of alternative explanations for their clin-
ical presentations (Table 1). HHV-6 positivity among these 12 
patients is most likely explained by either chromosomal inte-
gration or subclinical reactivation of latent virus. Chromosomal 
integration explains the positive ME panel results for 3 patients 
who tested positive for ciHHV-6, but most patients did not 
undergo ciHHV-6 testing, so the total number with chromo-
somal integration could not be ascertained. With regard to 
subclinical reactivation, 3 of these 12 patients were immuno-
suppressed, and the majority of the remaining patients pre-
sented with severe acute illness, which could also cause viral 
reactivation. In 1 study, HHV-6 reactivation was demonstrated 
in 54 of 101 critically ill patients (53%) admitted to the inten-
sive care unit, compared with 0 of 50 healthy volunteers (0%) 
[7]. Supplemental Table  1 shows additional data for Epstein-
Barr virus and cytomegalovirus reactivation in some of these 
patients.

The 2 “possible” cases were both notable for a lack of defini-
tive evidence for an alternative pathologic mechanism. In both 
cases, some evidence pointed toward a potential contributory 
role for HHV-6, and other evidence did not fit with an overall 
picture of HHV-6 encephalitis. These 2 cases highlight the diffi-
culty in assigning a pathogenic role for HHV-6, because its clin-
ical relevance is not clear for all patients. Nevertheless, many 
patients with uncertain diagnoses may still warrant early anti-
viral therapy, because HHV-6 encephalitis can progress rapidly, 
with potentially devastating consequences [8].

Healthcare providers caring for patients who test positive for 
HHV-6 on the ME panel should approach therapeutic decision 

making using all available information. The decision to treat 
should first take into consideration the patient’s underlying 
immune status. Most cases of HHV-6 encephalitis occur in 
HSCT recipients 2–6 weeks after transplantation, with reported 
incidences ranging from 0.95% to 11.6% [8]. Memory loss, con-
fusion, and depressed consciousness are common initial symp-
toms [9, 10], with overt seizures occurring in about 40%–70% 
of patients [8]. Recipients of solid organ transplants and other 
immunosuppressed patients should also be considered at higher 
risk, although HHV-6 encephalitis is not as well studied in these 
populations. Mild CSF lymphocytic pleocytosis may be seen in 
some patients but is not a reliable measure in patients unable 
to mount a robust immune response; for example, 1 series of 
9 HSCT recipients with HHV-6 encephalitis showed a median 
CSF white blood cell count of just 5/μL (range, 1–41/μL) [5]. 

Cranial imaging should be performed in all patients with 
suspected disease: among HSCT recipients, magnetic reso-
nance imaging of the brain typically shows hyperintensity of 
the bilateral medial temporal lobes with a T2-weighted FLAIR 
sequence, especially in the hippocampus and amygdala [5, 
8–10]. Finally, laboratory testing can also assist diagnosis, 
although interpretation can be difficult. Because serology and 
viral culture are of limited clinical utility, testing is performed 
mostly by nucleic acid amplification. However, as this report 
has highlighted, HHV-6 DNA detection alone does not confer 
a diagnosis. 

Quantitative viral load studies of the CSF or blood can be 
useful in patients with a positive qualitative test result. Studies 
have shown a wide range of CSF viral loads from 600–600 000 
copies/mL among HSCT recipients with HHV-6 encephalitis, 
with a median of about 11 000–16 000 copies/mL [3, 11, 12]. 
One recent prospective study of HSCT recipients showed that 
HHV-6 encephalitis developed in 0%, 8.1%, and 16% of patients 
with plasma viral loads of <10 000, >10 000, or >100 000 cop-
ies/mL, respectively, thus indicating increased risk with higher 
viral loads, although encephalitis still did not develop in most 
patients with high viral loads [3]. Testing for ciHHV-6 may help 
explain spurious laboratory results in patients with low suspi-
cion for HHV-6 disease, but positivity does not entirely rule 
it out, because the pathogenic potential of ciHHV-6 remains 
poorly understood.

In summary, our review found that the majority of HHV-6–
positive findings at our institution were unlikely to be clinically 
significant. Thus, the entire clinical picture, including patients’ 
degree of immunosuppression, symptoms, laboratory findings, 
and cranial imaging should all be considered when interpreting 
ME panel results. As laboratories adapt to newer panel-based 
CSF testing, significant consideration should be given to the 
reporting for targets like HHV-6, including interpretative 
comments to help guide clinical decision making. Although 
additional laboratory testing for viral load and chromosomal 
integration can provide additional supporting information, 

http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciy288#supplementary-data
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clinical judgment is ultimately paramount in determining the 
clinical significance of HHV-6 positivity in the CSF.

Supplementary Data
Supplementary materials are available at Clinical Infectious Diseases online. 
Consisting of data provided by the authors to benefit the reader, the posted 
materials are not copyedited and are the sole responsibility of the authors, 
so questions or comments should be addressed to the corresponding author.
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